Conjugates of antisense oligonucleotides with the Tat and antennapedia cell-penetrating peptides: effects on cellular uptake, binding to target sequences, and biologic actions.
The attainment of effective intracellular delivery remains an important issue for pharmacologic applications of antisense oligonucleotides. Here, we describe the synthesis, binding properties, and biologic properties of peptide-oligonucleotide conjugates comprised of the Tat and Ant cell-penetrating peptides with 2'-O-methyl phosphorothioate oligonucleotides. The biologic assay used in this study measures the ability of the antisense molecule to correct splicing of an aberrant intron inserted into the Luciferase gene; thus, this assay clearly demonstrates the delivery of functional antisense molecules to the splicing machinery within the nucleus. The binding affinities of the conjugates to their target sequences were measured by surface plasmon resonance (BIAcor) techniques. The peptide-oligonucleotide conjugates progressively entered cells over a period of hours and were detected in cytoplasmic vesicles and in the nucleus. Peptide-oligonucleotide conjugates targeted to the aberrant splice site, but not mismatched controls, caused an increase in Luciferase activity in a dose-responsive manner. The kinetics of Luciferase appearance were consistent with the course of the uptake process for the conjugates. The effects of peptide conjugation on the hybridization characteristics of the oligonucleotides were also examined using surface plasmon resonance. The peptide-oligonucleotide conjugates displayed binding affinities and selectivities similar to those of unconjugated oligonucleotides. Conjugation with cell-penetrating peptides enhances oligonucleotide delivery to the nucleus without interfering with the base-pairing function of antisense oligonucleotides.